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Assessment of Historic Trend in Mobility and Energy Usein India
Transportation Sector Using Bottom-up Approach

Nan Zhou*, Michad A. McNeill

Abstract

Transportation mobility in India has increased #igantly in the past decades. From1970 to 2000tonwed
mobility (passenger-km) has risen by 888%, companéith an 88% population growth (Singh,2006). This
contributed to many energy and environmental issaled an energy strategy incorporates efficiengyravement
and other measures needs to be designed. Unfatynatisting energy data do not provide informatan driving
forces behind energy use and sometime show lagnéistencies. Many previous studies address osingle
transportation mode such as passenger road tdidatpt include comprehensive data collection @lysis has yet

been done, or lack detail on energy demand by emcie and fuel mix.

The current study will fill a considerable gap iarrent efforts, develop a data base on all transpurdes
including passenger air and water, and freightraeoto facilitate the development of energy scesaand assess

significance of technology potential in a globair@te change model.

An extensive literature review and data collecti@ms been done to establish the database with hreakdf
mobility, intensity, distance, and fuel mix of atlnsportation modes. Energy consumption was ettnand
compared with aggregated transport consumptionrtegoin IEA India transportation energy data. Dnffiet
scenarios were estimated based on different assumspin freight road mobility. Based on the bottomanalysis,
we estimated that the energy consumption from X600 increased at an annual growth rate of 7#%thi mid-
range road freight growth case and 12% for the hagd freight growth case corresponding to the @ges in

mobility, while the IEA data only shows a 1.7% gtbwate in those years.

Keywords: India, transport, energy demand, decompositiottpm-up analysis, data
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1. Introduction

This study of the transport energy sector in Inglipart of a larger effort at LBNL(Lawrence BerkgNational Laboratory)
to provide sector, country and ultimately globadlgseis of energy use patterns at the level of adbess and end uses. There
are two motivations for this effort. First, as tiegative environmental impacts (both local andbalpof energy consumption
become more urgent, there is a need to evaluatentuand future sources of energy-related effecisgmeater level of
accuracy and detail. Secondly, a disaggregatdgsasmés highly desirable in order to guide mitigat efforts, including

policies towards increased efficiency.

LBNL has a long history in the investigation of emeuse patterns in developing countries, partitylia China. Most
recently, these efforts have focused on end-usa &nalysis of historical and projected energy aomgtion in all Chinese

energy sectors. A natural next step is to turimdia.

By now, the dramatic increase in energy consumptid@hina accompanying that country’s phenomenahemic
performance in the past two decades has becomaewdtat alarming reference point for the negatiwerenmental
consequences associated with rapid growth in dpirglccountries. Chinese energy consumption gromvdil sectors,
following changing lifestyle patterns as well a®bong industrial production. In economic termgjitnseems poised to be
the next emerging giant, in both economic and extergerms. We hope that this paper will constitome of the first in a
series of steps shedding light on some of the Idatrecent trends in order to inform the develeptrof effective policies to

address the negative impacts of energy demand lgrowt

The analysis focuses on the transport sector. ai®, there have been a variety of studies covernigus sub-sectors and
use patterns, but none which attempts to integiatevailable data into a comprehensive picturthefsector. This paper
therefore fills an important gap, and we hope ithatll provide a useful basis for forecasts ofiftg sector growth and

effective mitigation strategies.

The analysis emphasizes the use of a bottom-upoabeltbgy in order to articulate the underlying drivef energy
consumption in the transport sector. These incilndiés in mode and fuel, freight volume as a fiorcof economic growth,
and the uptake of personal vehicles and increapassenger miles as new modes of transportaticonteeaffordable to a
wider population. The following section descrilbes methodology developed for this study (as welbter current LBNL
efforts). In addition to detailing results, theppa compares with other aggregate estimates.
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2. M ethodol ogy

Population and GDP are two fundamental drivers itifience person and freight mobility demand. Bstw 1971 and
2004, India population increased at an annual geegrowth rate of 2.0% and GDP grew at an averageaf 5.0% (WB,
2004). According to the IEA energy balance for &diransport energy consumption represents 10%taf hon-biomass
primary energy demand, industry 30%, building 138@ &nergy transformation 47%. Energy consumptioth@étransport
sector represents still a small proportion compdaeeithdustrialized countries where it is close 82 (IEA, 2004). In India,
motorization is still low but car ownership is ipasing fast as GDP increases. Figure 1 shows tiatien of car ownership
per inhabitant as income increases. GDP (con2@®® US$) grew at annual average of 3.1% betwe&b a88d 1980, of
11.4% between 1980 and 1990 and of 13.2% betweBf &fd 2002 (WB, 2008), whereas the car ownershipcppita
increased at annual average of 25% between 197338@ of 13% between 1980 and 1990 and of 7.4%dsst 1990 and
2002.

10.0

car ownership per 1000 inhabitants
[ |

1,000 1,500 2,000 2,500 3,000
GDP per capita

Figure 1. Car Ownership and GDP per Capita

2.1 Bottom-Up Approach

Energy consumed in the transport sector respondketalemand of mobility services. Statistics thasalibe transport
energy consumption can be analyzed under two ngpnoaches. The first approach typically consistaradlyzing statistics
on fuel consumption from national sources and dtss in a top down approach. A second approacists in gathering
detailed statistics such as car ownership, vehiefgstration and surveys that assess transporacteaistics such as load
factors, distance traveled and vehicles fuel ecgndrhe second approach corresponds to a bottormalysas of transport

services. Our interest in this paper is to lookaw the two approaches compare in India.
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Demand for transportation is a matter of movemémpeople and freight over certain distances antdrtelogy. Two main
breakdowns are introduced to deepen the analysssaparate passenger from freight transport atidiglissh between each
transport modes. We measure passenger-kilometdrsoane-kilometers by looking at vehicle registati the quantity of
tonnes carried in the case of freight and persmnssported in the case of passenger travel, kilrmdtaveled and vehicle
efficiency. This task requires an extensive dateestigation, since load factors and efficienciesafs and other forms of

passenger transport are difficult to monitor. Eguratl describes the relationship between driversrafisport energy

consumption.
OPTION OPTION OPTION
Equation1: E = Z Z th,r xKm,  xLF xEl
k t r
where:
E = final energy demand in the transport sector,
k = fuel type
t = transport type (passenger, freight)
r = mode type (road, rail, water, air, pipeline)
Viri = number of vehicles of transport service of typemoder
Km, = distance traveled of transport service of typemoder
LF:, = load factor of vehicles of transport serviceypfet in moder
Elgtr. = average energy intensity of energy tigfer transport service of tygen
moder in MJ/(passenger-km-year) and MJ/(tonne-km-year).

Passenger-km and tonne-km are available from titatfer rail and air, and vehicle stock, average¢led distance and load
factor are used to scale up the activities for noassenger-km, while ton-km for truck were obtaififedh multiple sources.

We further disaggregated it to truck stock, traagltlistance and average tonnage.

2.2 Existing research
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Many studies to date have addressed the major niog@essenger road transport, namely cars, two-lelgeauto-
rickshaws, and buses. Singh (2006) estimated theepger mobility on road and the major drivers 660 to 2000. An
earlier research done by Bose (1998) has formulatgthulation model to analyze the drivers alsmad transport in four
Indian metropolises. Many other studies have atsmlfocused on the same sector, and some detaddtis has been
conducted for few major cities in India, for exampeddy (2000) has analyzed the trend in passémgeport in Mumbai
and Maharashtra, and estimated the energy consamifpdim 1987 to 1996. Das (2004) looked at theedéifit growth
scenario in vehicles and travel demand up to 2620umbai and Delhi, and estimated energy needeaadonmental
implication. However no comprehensive data coltattr analysis has yet been done and current sthdiee lacked detail on
energy demand and fuel mix for each mode. Additlgndifferent data sources often show large inéstescies, and the

calibration with existing statistics in energy U not been seen.

This paper attempts to fill a gap in current eBdsy developing a database on all transport mouéisding passenger air
and water, and freight in order to facilitate tlevelopment of energy demand scenarios and asseswtiificance of
transport technology potential in a global greersigogas (GHG) emissions model. An extensive liteeateview and data
collection has been done to establish the databitisdoreakdown of mobility, intensity, distance dafmel mix of all
transportation modes. In addition to being as aemgnsive as possible, an emphasis is placed aistamcy between
bottom up and top-down sources. Therefore, ensvggumption was compared with aggregated transpergy
consumption from the International Energy AgendyA). In some cases, the aggregate data was usedliioration, while in

others, the bottom-up suggests instances wheeffib@l statistics may under- or overestimate atttonsumption.

From a theoretical standpoint, the establishmeanadnalytical framework for bottom-up energy actg will facilitate
accurate and detailed forecasting models from wBiElGS emissions mitigation policies can be evaluaf€de underlying
(macroeconomic) drivers of transport activity amdjgctions of energy demand that follow will be tbject of a

forthcoming report.

3. India Transportation Energy Use from the botigmmanalysis

3.1 Passenger

3.1.1 Vehicle Stocks and Car Owner ship

The passenger vehicle stock data in India are en@slable in the Statistical Abstract (MOS, 2004)s growing fastest in

two wheelers and auto-rickshaws (Figure 2). Thexehacreased at a AGR of 11% and 12% respectivélg.growth in auto
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population is also significant, which is 11% foxisaand 10% for personal cars and jeeps. The groathfor buses is only

7%. Car ownership (cars and jeeps) increased fr8896to 0.67% cars per capita in 1991-2001

7
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@ Auto rickshaws
1 O Jeeps
B Buses
0

1991 1995 2001

Figure 2. Changein Vehicle Stock

3.1.2 Travelled Distance and Average L oad Factor

Travel distance and average load factor (occupaamg)source are shown in Table 1. Singh (2006)estgdhat the
increase in passenger-km is due to a 12 fold iser@aannual distance travelled per person, fromkzs in 1950 to 3470 km
in 2000. Historic trends in IEA-11 countries shdwttthe average use of vehicles has not risenssepger travel and car
ownership level. Vehicles in those countries areettrbetween 10,000 and 20,000 km per year, anttaal (passenger-km)
has grown at about the same rate as car owneli@ssume, therefore, the per vehicle travel distaiid not change in

India between 1991 and 2000. The travel distan@®@® was derived from Singh (2006)

We took a similar approach for average passengel; Essuming a constant factor of 3.18 personsafe; 1.76 for auto-

rickshaws and 1.5 for two-wheelers (Singh, 2006).

Table 1. Vehicle Utilization in Road Passenger

Travel distance (km) Occupancy (person)
Car, Taxi and Jeep 12,600. 6, 9919 for car, 35{00taxi 3.18
Bus 88,342 41.6

! This is registered vehicles. There is a possytiliat the registration overestimates actural wehicles, since some non-
operational vehicles may still be registered

2 Bose (1998) suggests the number for car andige2s person
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Auto rickshaw 33,500 1.76
Two-wheeler 6,300 1.5

Source: Singh,2006

3.1.3 Intensity by Mode

Table 2 lists the energy intensities for all mod&sergy intensity on road and rail are derived fi®imgh (2006), together
with the data from the Ministry of Railways (MORanious issues). Water and air intensity (MJ/passekm) are estimated
from the authors’ previous research in China (JiaingNan Zhou, et.al.2006). No data are availdbiehistoric trends in
energy intensity for most of the modes. Howevereeigmce in the developed world has shown that gnietgnsity has not
declined as much except for air (IEA, 2004). Cargg intensity only declined by about 10% acrossIBA-11 countries
from 1974 to 1998, while almost no change can tseded for that of rail and for bus; an actual éase in energy intensity
can in fact be seen. In many cases, energy eftigisnprovements have been largely offset by theofiseore powerful cars.

We assume that energy intensity remains constagtlfmodes in the period 1991-2000.

Among the modes, bus and rail (particularly ele}taippears to be the most efficient, and air tramekgy intensity is just

slightly higher than that of cars. These are afltaitable to their higher load factor or occuparenyd travel distance.

Table 2. Derived Energy Intensitiesin Passenger Transport (M J/Passenger-km)

Road Rail Water Air

Car, Taxi 0.94 Steam 1.28 Inland 0.4 Jet 2.5

and Jeep Kerosene

Bus 0.19 Diesel 0.24 Coastal 0.49 Aviatioh.5
gasoline

Auto 0.58 Electricity 0.12

rickshav

Two- 0.53

wheele

3.1.4 Fuel Share

Previous studies have shown that the share ofldisedor cars has increased from 40% to 80% iri 240 in four
Indian metropolises, while the gasoline sharecettespondingly (Bose, 1998 and Das, 2004). Govenmtipolicies call for
the introduction of CNG and electricity-driven velBis in big cities; it will take time, however ftirese to have a significant

impact in fuel shares.

9o0f24



In the rail mode, steam-driven train use declimedhf22% in 1991 to almost 0% by 1994, with a cqroesling increase in
both diesel and electric trains. Diesel use in@édom 50% to 64%, and electric train from 2898636, an approximately
7.1% and 7.4% of annual growth respectively. Diespredominately used in bus and water transpdrite air uses mostly

jet kerosene, and possibly some aviation gasbline

3.1.5 Passenger-K m by Mode trend

Using the vehicle stocks and travelled distancerilesd above, it allows the calculation of passetges. Passenger-km
in India has increased from 1847 billion passergjerneters (BPkm) to 3700 BPkm between 1991 andL.2@0an annual
growth rate (AGR) of 7.6% (Figure 3), while the AGRL.8% and 6% for population and GDP, respectivEthe growth in
each passenger transport mode varies from 1.7%i(at8.3% (road). Road transport rose the faste®13%, followed by
air at 5.8% and rail by 4.2%, while demand for watgs grown at a slower pace with an AGR of oni#4d.. Among the four
modes, road dominated overall passenger transhravghare of 82% in 1991 and 86% in 2000. Althotajl has also
increased, the share for railway has decreasedTitmto 13% during the ten years, which is not gsirpy. All over the
world, rail transport shares are stagnating asaltref intense competition from road transporteépional inefficiencies and
capacity constraints on key routes have also playede in the slow growth of India's rail traffi¢/B,2002).Although a large
proportion of passenger mobility (in terms of pasge-km) is still catered to by buses, the shateusfuse in road transport
has decreased from 81% to 76% (Figure 4 and TablEh® use of cars and jeeps has increased frovh 10 9.2%,
motorcycles (two wheelers) from 8.9% to 11.8%, autb-rickshaws from 2.4% to 3.4%. In per capitanerthe passenger-
km by cars( including taxis), two wheelers and aitkshaws has increased by 136%, 145% and 156p&ctsely, in

contrast with the increase of 70% in buses andra 8 for railways (Figure 5).

India has about 5,560 km of main coastline servined2 major ports and about 184 minor ports. Tdgacity of Indian
ports increased from 20 million tonnes of cargodfiaig in 1951 to 281 MT on March 2001, and 390 MTod March 2004
(Planning Commission of India, 2002, and India fi@}t The main passenger movement by inland weaagsas via ferry
operations across rivers, on short stretches algars and tourism-based passenger traffic. Altiodata exist for the total
length and ports of waterways, data on mobilityrfpublished sources leave much to be desired. Givited published data
on vessel numbers, survey results on inland watesgngers carried in a few major ports (RangathRaghuram, 2006) are
used. The extent of traffic has been estimated@822004, for the government run services onlybaaia24 million
passengers and 0.733 million tonnes of freightherférry services across rivers and about 0.6anilliassengers and 57

thousand tonnes on long distance. By applying aectiavelled distance of inland waterways in Cliifédley, 2006), we

% In China, about 2% of the fuel used in air tramsjaviation gas.
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estimated water mobility year by year, and Figushéws the result. Water transportation accoumterity a very small

proportion, 0.6% of Indian transport in 1991 ang8l0.in 2001. Inland water transport in India is doatéd by country boats

which cater to passenger traffic. Although inlaratey transport plays a small supplementary rofeeight, it dominants the

water mobility in the passenger sector with a slb&@)% in 1991 and 79% in 2001.

Statistical data are available for both passengémpassenger-km for air transport in India (MOS4&0bhdicating that

domestic air grew at 6.4% per year, slightly fagtan that of international air which is 4.2% (Fig).

Passenger Road Travel AGR

billion pass-km

3701
5.8%
AGR 7.6% 1.7%
4.2%
2669

8.3%

B Air
OWaterway
DORailway
BRoad

1991 1996 2001

Figure 3. Estimated Passenger Transportation Mobility by Mode

Share

1991-2001 1991-2001

0.9%~0.7%
0.6%~0.3%
17%~13%

81.6%~86%
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Figure 5. Passenger Rail Mobility by Energy Type
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Figure 7. Passenger Air Mobility

Table 3. The Growth Rate of the Passenger-km in Transportation Road Sector

Passenger-km

Share

1991 2001 growth rate Share in 1991  Share in 2000

Road 1505.76 3172.71 8.3% 81.5% 86.1%

Cars 87.19 245.39 9.8% 5.8% 6.6%

Taxis 13.39 37.61 11.2% 0.9% 1.1%

Auto 36.40 110.91 12.5% 2.4% 3.4%

Jeeps 17.78 46.84 10.9% 1.2% 1.5%

Two wheelers  134.19 391.97 11.7% 8.9% 11.8%

Bus 1216.80 2457.95 7.5% 80.8% 75.6%
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3.2 Freight

While passenger travel patterns are more clos#yectto personal wealth and lifestyle changeggliteransport

activities are closely connected to overall ecomoaativity.

3.21Ton-Km by Mode

Historical statistics in freight transport activitpeasured in tonne-km, does not exist for freightl mobility,
nor has it been discussed in existing studiesmastis could be found from different departmentsdia and
international organizations, however. Estimatemfrifferent sources vary significantly. For instanthe tenth five
year plan shows 520 billion tonne-km in 1999. &inty, a report from National Maritime Development
Programméindicated it is 600 billion tonne-km in 2005. Mastthe sources (WB, 2002 and FICCI, 2005) (Figure
8), however, suggest higher figures. The World Baport suggests that it had already reached Si@nttionne-
km by 1998; the report of the Transport Corporation of In(i€1) shows 800 billion tonne-ktin 1999, whereas
another analysis indicates 1,390 billion tonne-kr2003. The National Planning Commission estimated freigh
traffic by road would increase from 807 in 199btaween 1,276 and 1,700 billion ton-km by 2002 ¢82801).
Finally, the FICCI report (2005) indicates 1,500idm ton-km in 2005. As listed, the interpolatedight road
mobility in 2000 ranges from 541.7 to 1,100 billimm-km. One indication of the reliability of thesstimates is
consistency with total diesel fuel consumptionistas. As we discuss below, however, the diesasamption
statistic itself is in some doubt. To address timsertainty, we created two scenarios(high-casen@detase) which
were constructed by interpolation between the 8@ point to either the high and low estimate20@l (Figure

9), thus bounding the range of likely values .

Freight mobility increased between 1991 and 20Q11at% in the high-case and 5.7% in the mid-cageally,
which is most attributable to the increase in trusk. There has been a shift of freight ton-km fraiito trucks.
Truck activity enjoyed an increase of share fro4d 74% in the high-case. In the mid-case, theesteamains
almost constant, increasing to only 49%. In absdleitms, it increased 412% at the high-case ané203he low

case from 1991 to 2000.

4 http://www.shipping.gov.in/writereaddata/linkimageMDP9895746561.doc

® |t shows a annual growth rate of 11.9% from 1991998 and it is 267 billion ton-km in 1991

® http://www.tcil.com/rt.asp

" Phasing Out Overloading... How Truck Manufactureas Go on an Overdrive
http://www.way2wealth.com/research/content_detailg?section=Insights&section_desc=viewsonnews&sid=4

pubid=28575
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As observed in passenger transport, the rail séet®experienced sharp reduction in share fron?450421%
at the high-case and 34% at the mid-case. Dueetimtiiease of truck activity, the share of watet ain
transportation has shrunk. Within water-borne fneigoastal water has accounted for 99% acrosgetiues, while
for air, the international still dominates, but ghare has declined from 84% to 71%.The increasked role of
trucks reflects freight toward products for whichicks have inherent advantages over competing maddshe

trend observed in India is consistent with expeeim other countries (Lee and Merer,1992).

1,600
® FICCI
1,400

1,200 ¢t
@ FICCI
[211,000 -
8 800 X-TClt

NMDP
E 600 & Worldbank #* -

400 | A . CTNL 10thryp

¢ Worldbank Vijayaraghavan
200

1991 1993 1995 1997 1999 2001 2003 2005

Note: FICCI (Federationof Indian Chanbers of Commerce and Industry), TCIL(Telecommunications Consultants Inda Ltd)
CTNL(Consolidated Toll Network Ltd), NMDP(National maritime Development Programme)

Figure 8. Available data for Freight Ton-km by different sources
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Figure9. Freight Transportation Mobility by Mode
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3.2.2 Intensity by Mode

The aggregate energy intensity for freight in tegeloped world has been remarkably stable, indigdtiat
freight transport is not becoming less energy isitanacross countries. We assume the trend toebgatie in
India. Energy intensity data are generally not latzée for Indian freight transport except for raifich can be
derived from the Ministry of Railways’ statistidslOR, multiple years). Intensities for the remainingdes are
estimated based on our previous China study (L0§P(and calibrated based on fuel consumption tegdan the

public statistics such as (TERI,2001 and IEA,2004 )

Table 4 shows the average energy intensity fanalies of freight transport in India. The intenéaiytrucks is
1.85MJ per tonne-km, compared with that of IEA does at from 1,8 to 4.7 MJ in 2000 and China &6IMJ.

Intensity of steam trains in Rail sector has inseebsignificantly; this is because of the declihton-km in steam.

Table 4. Energy Intensitiesin Freight Transport (M J/ton-km)

Road Rail Air Water
Truck 1.85 Steam 3.3in 1991, Jet Kerosene 17.3 0.3in1991
15.88 in 2000 0.28 in 2000
Tractor 2.64 Diesel 0.117 Aviation 16.6
gasoline

Electricity 0.064

3.2.3 Truck Stocks and distancetravelled

The significant increase of freight road ton-km bamattributed to the dramatic growth of the tratdkck and
the average distance travelled. The stock of trumisides both vehicles for goods transport anctdra, and is
available in the statistics historically. The dsl@w steady growth from year to year at an anrmaaliy rate of 7%
(Figure 10). The number of the trips or distane@etled increases with the industrial and agricaltoutput, which
is linked to economic development. Although statisaire not available for the two variables drivingne-km,
some information was found through a search ofittature. They indicate that average distancestted per
truck per day in India is 280km and the numberrofugl days in operation were 250 days in 29)@ghich can be
translated to 70,000 km. The World Bank reportéatis that the average travelled distance for $rutkndia

ranges from 60,000 to 100,000 kralowever, from the tonne-km data, we could bad&utate the distance using

8 Phasing Out Overloading......... How Truck Manufactur@es Go on an Overdrive
http://www.way2wealth.com/research/content_detailg?section=Insights&section_desc=viewsonnews&sid=4
pubid=28575

¥ available ahttp://web.worldbank.org/servlets/ECR?contentMDKZ20263&sitePK=579306
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the stock and the average tonnage presented ed@tieresults show 25,212 km in 1991, 53,299 knhigh-case

and 26,248 km for mid-case in 2000.

4 80,000
I Trucks

. . ¢ | 70,000
- =& - distance traveled high-case
3 —&— distance traveled mid-case - 60,000
50,000
40,0005
30,000

20,000

number of trucks (million)

10,000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 10. Changein Truck Stock and Utilization
3.24 Truck Average Load per Vehicle

As is the case for travel distance, the average dbarucks is generally not available in the stats, nor could
this quantity be easily found in technical pap&rem the above mentioned article, the average tooagied per
truck in India is 7 tonnes in 2003. Trucks are galfy overloaded, it is estimated that a 16 tonnek carries as

much as 12 to 14 tonnes of load despite the stgailearrying capacity of 9 tonnes.

Historical trends in IEA countries also suggest tha truck load has not changed over time, thuassemed

constant load in India across the years (IEA,2004a)

4. Transportation Energy Use and Discussion

4.1 Discussion on diesel usein transport sector

Energy use in India has grown rapidly over the geand the transportation sector is a major eneogguming
sector, particularly of petroleum products. Thesortation sector consumes more than 85% of takHiagh-

speed-diesel consumed nationally (Singh,2006). ewehe energy data released by the Ministry afi§tcs
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(MOS) shows the High-speed-diesel used in tranapont sector only accounts for 59% of the tota2000, at 22.2
million tones (950 PJ) out of 37.9 million toness@5 PJY. The same data also show a significant drop isellie
consumption in the transport sector after 1998. piossible that the definition or reporting systess been
changed, but why and how still remains mysteri@usthe other hand, Pundir (2001) suggested thautemotive
diesel consumption alone in 1999 is 42(1,798 Pljomitons, more than the total diesel consumptiotihe country
in 2000 that is reported in the MOSPI's statidtiarthermore, another study done by the DepartnfeRoad
Transport &Highways, India (Rewat, 2084indicates the high-speed-diesel consumption iremttansport sector
in 2000 should be about 40 million tons (1,712 BSing data from CMIE (Centre for Monitoring Indi&aonomy)
monthly report. Our bottom-up analysis using thgeais presented in the previous sections, sugtfestigh-

speed-diesel used in road transport sector is 305

Before making judgment of whether these assumptiotise statistic is more accurate, an analysiwloat the
reasonable assumptions of driving pattern neelie tnade. Given the significant inconsistency engtatistics,
three scenarios were made to have a adjustmenfd$te96 adjusted transport diesel scenario (F&)ss %0
assume the data after 1996 were right, and withc balculation for the previous years; Pre 96 stdplitransport
diesel (Pre 96) assumes the data before 1996 arergi@mble; Siphoning off of kerosene from PDShjm
distribution system) is estimated as 18.1 % oftdi@ PDS sales, which is mostly sold in gas statiand could be
allocated to transport diesel use (NCAER,2005)n3jpart Diesel +18% Kero scenario have added theskee use
from PDS on top of Pre 96 scenario. Figure 11titaies the three scenarios and correspondingdizse|
consumption scenarios. Assuming the vehicle sttatisic is accurate, and the intensity numbee&sonable,
traveled distance could be derived from the thoemarios. The estimated travel distance of a tis1@2,500 km in
Post 96 scenario, 36,900 km in Pre 96 scenario4arah0 km in + 18% Kero scenario. Considering 25,212 km
in 1991 in India, ad China is 50,000 km in 2000ddJ€wy,2006), the Post 96 scenario implies an uiseedlly low
distance travelled. We therefore conclude thahtbee recent statistics on diesel consumption frylr@present

an underestimate.

10 available ahttp://mospi.nic.in:80/mospi_energy _stat.htm
11 available atvww.iea.org/Textbase/work/2004/shanghai/Rawat.PDF
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Figure 11. Top-down Estimates of I ndian Transport Diesel Consumption Based on Statistics

4.2 Comparison with |EA data

The energy consumption estimates described aboreecsenpared with IEA India data. As the result our

bottom-up analysis, we estimated that the energgumption from 1991 to 2000 has increased at athroate of

14% for the high-case and 9% for mid-case ,whiaghesponds to considerable growth in mobility, aschiuch

higher than IEA estimate of 1.7% annual growth,clihis based on more aggregate data. Figure 12 shews

comparison by fuel type. For the rail and road@®scimost of the fuels are consistent except feseli

consumption. As in the statistic from India Ministif Statistics, the IEA data indicates a shargpdnodiesel

consumption from 1995 and a steady level there#ifteugh 2000, which does not seem to reflect thevth in

mobility. The same trend could be observed in watergy consumption; furthermore, the IEA data alsmwv

significant use of coal in water transport, whictulc not be deduced from our bottom-up analysisis paper

intends to establish a database for India transpeatgy consumption in order to facilitate the depment of

energy demand scenarios and assess the signifioatremsport technology potential in a global @imchange

model. The discussion of the discrepancy and acguwbthe data will be addressed in the next step.

18 of 24



Totoal Road Fuel Use

3,000 1 120
=== Estimated Gasoline ===Estimated Diesel-high
=== Estimated Diesel-mid === |EA Motor Gasoline ’
IEA Gas/Diesel Oil —|EA Heavy Fuel Oil ’
2500 IEA Moter Gas/Fuel oil I' 100
' s
']
7
l’
2,000 / 80
4
/4
ll -
l nm=""
1500 Pie B 60
"‘
- -
‘,-”
1,000 P 40
500 20
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Total Water Fuel Use
S0 7 === Estimated Diesel ==IEAHard Coal 45
|IEA Gas/Diesel Oil = |EAtotal
25 r
~ \
Ve \ ’”
’
7 —— 40
0 L — \ s -
/ .-
-
ﬂ) ‘—__--_é\---f ];
-‘-‘- -
-
15 ==
35
—
——
ol \ /\
5 . L . L | L 30

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Total Rail Fuel Use

Estimated Steam === Estimated Diesel === Estimated Electric

IEA Hard Coal = |EA Gas/Diesel Oil = |EA Heavy Fuel Oil
——|EA Electricity
——“
-
-
—--———--‘--_‘
=

\—_4—_'\_/\/
m———

e

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Total International Air Fuel Use

=== Estimated Jet Kerosene
——I|EAKerosene type Jet Fuel

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Figure 12. Comparison of the Estimated and | EA Transport Energy Usein India

4.3 Estimated Transportation Energy Use by mode

Singh (2006) also suggested that passenger trarsmmunts for a significant proportion of energpsumed in

the transport sector. Our analysis, however, shbatspassenger transport accounted for a aboubhtié total

energy in 1991, and that this share decreased0l342000 in the high-case scenario and remainesitant in the

mid-case scenario (Figure 13).The total energy irslte transportation sector has increased fro83 FJ to 3309

PJ in high-case and 2232 PJ in mid-case. Energindssight surged by 275% and 90%, at an AGR ¢&hlbd

7% respectively, compared to 83% growth and AGBR%fin passenger transport energy use. This groagh h

mostly been in the road mode, which grew by 121%aissenger and 312% (high-case) and 103% (Mid-gase)
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freight; Energy use in the rail mode has declingdproximately one third in both passenger andliteenergy
used in water accounts for only a very small praporof the total, particularly in passenger whis also
declined by 49% ,while it increased by 76% in wditerne freight; Air energy consumption has incredsg 65%
in passenger and 51% in freight, and the air iigffitsis insignificant compared that in passengeictviaccounts for

more than 90% of the total air energy use.

For freight road, the increase is driven by truak-km, which is in turn driven by increase in bothck stock

and travel distance.

IndiaTransport Energy Consumption by Mode

3,500 A
4
Total High-Case ,’
3,000 A \Iv
4
'I
2,500 4
Total Mid-Case 'l' Air
Watery
2,000 Rail
ﬂ’ Road >Freight
1,500
Air <
1,000
Passenger
500
Road
Water
/

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Figure 13. India Transportation Energy Consumption by Mode in 1991-2000
4.4 Transportation Energy Use by Fuel

Fuel use in transportation in India is dominateditegel, which accounted for 73% of the total i®1@nd
increased to 87%for the high-case and 81% for tidecase in 2000, with 75% and 60% used in freigletar in
2000, respectively (Figure 14). There also has begmradual shift from coal to diesel as the ma@i i rail
transport. While the share of coal in the totah$gzort energy demand in 1980/1981 was 27% (Taf)18
declined to 8% in 1991 and almost zero in 2000. Sit@e of electricity use in total transport, whiglmostly used

in rail, is insignificant and has been steady. Gas@ccounts for 27% in passenger transport ahd38b (high-
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case) or 14% (mid-case) in total transport in 200Rile it is a major fuel in passenger road tramspts share has
decreased from 78% in 1991 to 65% in 2000, durihgghvtime diesel increased from 22% to 35%. Thidade
because current tax policies are accelerating &mel towards diesel cars and bigger cars. As aecpience, more
diesel powered vehicles have been adopted oveetims. In Delhi, diesel cars have increased by 4@&é6 the
past decad@ Fuel use in air transport is jet kerosene, whictounted for 4% of total transport energy in 188d

decreased to 2% in 2000. This fuel is mostly useghdssenger air transport.

IndiaTransport Energy Consumption by Fuel

3,500 ~
Total High-Case ]

Y
/
3,000 - \ ’
’
’

U
2,500 - /s
' Total Mid-Case P
2,000 BFreight Jet Kerosene
f_l, BPassenger Jet Kerosene
1,500 BFreight Coal
DPassenger Coal
1,000 BFreight Diesel

BPassenger Diesel
DFreight Electricity
500
BPassenger Electricity

DPassenger Gasoline

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Figure 14. India Transportation Energy Consumption by Fuel in 1991-2000

2 according to Centre for Science and Environmemébsite http://www.cseindia.org/campaign/apc/letter.htm
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5. Conclusions

We hope that this paper fills an important gap lgracterizing the trends and drivers in a majorgnsector
in India. The analysis gives a fairly detailedtpie of the influence that economic growth hasinétie recent
past, and is likely to continue to have. The atlvg® of using a bottom-up analysis is that it pitesithis detail, but
hopefully, it gives a more accurate picture as whilthe case of Indian transport, the bottom-pjpraach seems to
point to possible inaccuracies in the top-down daaaticularly in terms of diesel fuel consumptidrurther
research is required to determine if there arealsat errors in our assumptions, but the decreatd@attening of
diesel fuel consumption on roads— by far the largesiponent of the sector — seems difficult to akpWith

reasonable assumptions of driver behavior.

In presenting this analysis, we hope not only ossanething about a particular sector in India,tbut
demonstrate an approach that we hope will prowidights into other sectors and countries as welterms of
India, we hope to continue this effort towards @inigg a more complete and detailed database whikhevuseful
to policymakers there, as well as to the intermaticommunity of researchers, for whom India iglykto continue
to gain attention. Ultimately, however, energyatetl environmental impacts, particularly climatarge, are a
global issue. We hope that continuing researclyappthe approach presented above contributeseto t

understanding of global energy-related emissiomd tawards strategies of their reduction.
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